ABSTRACT Endothelial cells, which are the main agents of the angiogenic process in vertebrates, are lacking in the vessels of invertebrates. These are limited by the basement membranes of epithelial or myoepithelial cells. This fact leads to the questions of how vessels grow in invertebrates and how vertebrate angiogenesis evolved. We herein review the knowledge available about vascular growth in invertebrates. The cases described include the ascidian Botryllus, the annelid Hirudo and the squid Idiosepius. All these processes of vascular growth in invertebrates show substantial differences with the vertebrate angiogenesis, although the signalling system mediated by VEGF and its receptor VEGFR seems to be involved in all cases. However, VEGF signalling is used by many processes of cell directional migration, and it cannot be considered as a hallmark of angiogenesis. We also describe the close similarity between the molecular control of the endothelial angiogenesis and the branching morphogenesis of the tracheal system of insects. In both cases, the process is regulated by hypoxia and activates a leading tip cell which inhibits responsiveness of the adjacent cells through a Delta/Notch signalling pathway. We suggest that endothelial angiogenesis in vertebrates arose through cooption of this hypoxia-sensing mechanism by replacing the FGF/ FGFR axis of insects by a VEGF/VEGFR-mediated system, and adding a second layer of control of the endothelial state (quiescent or activated) mediated by angiopoietins and Tie receptors. This evolutionarily new control mechanism of endothelial angiogenesis establishes an endothelial/ perivascular cell crosstalking which does not exist in invertebrates.
Introduction
Angiogenesis is the process of formation of new blood vessels from other pre-existent ones. Although fully equivalent from the etymological point of view, the term "vasculogenesis" is restricted to the developmental process by which vascular progenitors (angioblasts) assemble to form a new vessel. Thus, the formation of the primitive vascular pattern during vertebrate embryonic development occurs through vasculogenesis, while the vessels later spread throughout the body by a combined process of angiogenesis and vasculogenesis. In some parts of the body, like the limbs, vascular growth involves recruitment of local angioblasts that become incorporated to the vessel walls. In other organs lacking of angioblasts, like the neural tube, purely angiogenic ingrowth of vessels accounts for vascularization (Carmeliet, 2005; Semenza, 2007) .
In adults, most endothelial cells are in a quiescent state and the vascular network is basically stable. However, adult angiogenesis is an important physiological process for tissue repair and remodelling, and it is tightly regulated by a balance between activating and inhibiting signals. In vertebrates, tissue hypoxia is Int. J. Dev. Biol. 55: [345] [346] [347] [348] [349] [350] [351] doi: 10.1387/ijdb.103212rm Abbreviations used in this paper: VEGF, vascular endothelial growth factor; VEGFR, VEGF receptor the main signal triggering an angiogenic response, through stimulation of the vascular endothelial growth factor (VEGF)/VEGFR2 signaling axis, as we will describe below. Adult angiogenesis can also involve recruitment of circulating endothelial progenitors that become integrated in the vessel wall in a process known as adult vasculogenesis (Asahara et al. 1997 (Asahara et al. , 1999 .
In vertebrates, endothelial cells play the main roles in all the stages of the angiogenic process. Endothelial cells express the VEGF and the angiopoietin receptors that control the angiogenic process. Quiescent endothelial cells become activated by angiogenic signals (mainly VEGF as stated above, but also by other growth factors, cytokines and chemokines, see Muñoz-Chápuli et al., 2004 for a review), they alter the proteolytic balance and degradate basement membrane, they proliferate and migrate directionally towards the angiogenic stimulus and finally endothelial cells secrete a new basement membrane, recruit perivascular cells and reorganize to form a new, functional vessel. www.intjdevbiol.com This absolute prominence of endothelial cells in the angiogenesis of vertebrates raises the question about how the circulatory system (also called "hemal system" in these animals) grows in the invertebrate phyla, since hemal systems lack of true endothelial cells (Shigei et al., 2001; Muñoz-Chápuli et al., 2005; Muñoz-Chápuli and Pérez-Pomares, 2010) . The vessels of most invertebrates 1 consist of a network of spaces limited by the basement membranes of different kind of epithelia, mainly the endodermal epithelium of the gut, the coelomic epithelium or specialized myoepithelial cells from coelomic origin that can render part of these vessels contractile (Ruppert and Carle 1983; Ruppert 1997 ; for a review see Muñoz-Chápuli and Pérez-Pomares, 2010) . This is called the Ruppert and Carle (R&C) model since it was first described by these authors (Ruppert and Carle 1983) . In large invertebrates microvessels can be found within the tissues, but always with the same architecture consisting of myoepithelial cells with the basal surface (and the basement membrane) lining the vascular lumen (Figs. 1,2) . The fact that the apical surface from the vertebrate endothelium is luminal while the endothelial basement membrane is abluminal has lead sometimes to the erroneous assumption that the invertebrate vessels are "inverted", i.e. that the basoapical polarity is reversed in vertebrates and invertebrates. Instead, we have proposed elsewhere (Muñoz-Chápuli et al., 2005; Muñoz-Chápuli and Pérez-Pomares, 2010 ) that the basic difference between invertebrate and vertebrate vessels lies in the presence of an endothelial cell layer in the latter that does not exists in invertebrates (Figs. 1,2 ). In the vertebrate ancestors, an evolutionarily new epithelium lined the inner surface of the vessels formed by myoepithelial cells, forerunners of the vascular smooth muscle. Thus, there is no "inversion" of the basoapical polarity of the cells lining the vessel wall in vertebrates, but the appearance of a new cell layer whose polarity is inverse to that of the preexisting cells. We have also proposed that this evolutionary innovation of vertebrates can be explained if we assume that endothelial cells are evolutionary derivatives of some kind of invertebrate blood cells, through adhesion to the myoepithelial basement membranes and acquisition of epithelial features. In fact, amoebocytes (adherent blood cells) are frequently found attached to the inner vascular surface of many invertebrates (eg. cephalopods and annelids, see Fig. 2 ). Due to this localization, they have been frequently called "endothelial cells" (Casley-Smith, 1980) . However, we think that the true endothelium should be defined by their epithelial features (basoapical polarity, intercellular junctions and anchoring to the basement membranes). Thus, free cells adhering to the myoepithelial basement membranes of the invertebrates cannot be considered as true endothelial cells, although probably these adhering cells can be regarded as similar to those that were the evolutionary ancestors of the vertebrate endothelium.
If endothelial cells, the main agents of the angiogenic process in vertebrates, are lacking in all the other metazoan phyla, how vascular growth occurs in invertebrates? Can we call "angiogenesis" to this process of vascular growth? We aim to summarize in this review the available knowledge about invertebrate angiogenesis, emphasizing what are the most important issues that remain still unknown. We will try also to clarify some potential misconceptions derived from a direct comparison of the processes of vascular growth in vertebrates and invertebrates, neglecting the differences in the cellular agents involved in both cases. Finally we will try to regard the vertebrate angiogenesis with an evolutionary perspective, analyzing how the signaling systems regulating the angiogenic process in vertebrates may have evolved.
Vascular growth in invertebrates
As stated above, the hemal system of invertebrates is composed of a network of spaces limited by basement membranes of endodermal, mesodermal and (occasionally) ectodermal epithelia. These spaces probably originated around the gut, between the Muñoz-Chápuli et al. (2005). endodermal and the coelomic epithelia, allowing for an improved distribution of the nutrients absorbed by the intestine. The hemal fluid that fills the hemal cavities can be pumped between the gut and the viscera thanks to the contractile abilities developed by the coelomic epithelia and the myoepithelial cells derived from them, that are also responsible of the peristaltic movements of the digestive tract. It is important not to confound the hemal system with the hemocoelic cavities or the open lacunae of other animals, that can be derived of coelomic cavities or not, but they always lack of a lining constituted of cells or basement membranes (Fig. 1) .
The body growth leads indeed to a corresponding enlargement of the hemal spaces, but the question is if there exists in the invertebrates a specific process of vascular growth that can invade avascular territories during development or to participate in tissue repair or remodelling in adults. There are surprisingly few reports in the literature about this issue. In fact, as far as we know, only three cases of vascular growth in adult invertebrates have been reported, in the colonial ascidian Botryllus schloesseri, the leech Hirudo medicinalis, and the squid Idiosepius paradoxus. In the first case, both, the normal growth of the extracorporeal vessels connecting the individuals from a colony and the regeneration of the circulatory system after injury have been described (Gasparini et al., 2007 (Gasparini et al., , 2008 . In Hirudo, the development of some peculiar vascular-like structures was elicited by injury or by injection of VEGF or other growth factors (de Eguileor et al., 2001a,b; Tettamanti et al., 2003) . In the squid, the expression of a VEGFR ortholog in developing blood vessels has been described (Yoshida et al., 2010) . We will describe briefly these three processes in order to compare their features with the vertebrate angiogenesis.
Both, physiological as well as reparative growth of vessels have been described in a colonial urochordate, the ascidian Botryllus schlosseri. Urochordates constitute the phylogenetically closest lineage to the vertebrates, a fact that gives special relevance to these studies. However, individuals of Botryllus lack of an internal vascular system, except for a tubular heart constituted of a single layer of myoepithelial cells and a network of open sinuses and lacunae. These vascular spaces are interconnected in the colony by extracorporeal vessels derived from epidermal outgrowths, that exhibit the same basic architecture of the mioepithelial vessels, i.e. an epithelium with the apical surface abluminal and with the basement membrane lining the vascular lumen. When a new individual arises by asexual reproduction, it develops epidermal sprouts that connect their hemal cavities to the colony vessels (Gasparini et al., 2007 (Gasparini et al., , 2008 . When the extracorporeal vessels and the common tunica are surgically removed, a new tunica is rapidly synthesized and new vessels are formed by sprouting of the preexisting ones. This process is dependent on VEGF/VEGFR signaling, as demonstrated by siRNA knockdown and pharmacological inhibition (Tiozzo et al., 2008) .
The hirudineans or leeches are a group of carnivorous or bloodsuckling annelids. In the circulatory system of the acanthobdellid and rhynchobdellid hirudineans the hemal system coexists with an hemocoelomic system, a network of closed, interconnected cavities and tubes of coelomic origin (Fernández et al., 1992) . However, the leech Hirudo medicinalis, an arhynchobdellid hirudinean, lack of blood vessels, and the circulatory system is thus limited to the hemocoelomic network of channels that does not penetrate in the muscular body wall. Around the epithelium of some of these channels there are large cells containing a brown pigment (the botryoidal tissue). This tissue, considered as a subtype of chloragogen cells, has a coelomic origin (Hartenstein, 2006) . Botryoidal tissue can be stimulated by tissue injury or by injection of VEGF or FGF-2, giving rise to growing hollow channels, lined by endothelial-like cells, which allow cells from the immune system to arrive to the site of the stimulus (de Eguileor et al., 2001a,b; Tettamanti et al., 2003) . This has been considered as an "angiogenic" process by these authors, who emphasize the similarity with processes of neovascularization of vertebrates, especially the response of botryoidal cells to the same activators of vertebrate angiogenesis (Tettamanti et al., 2003) . However, the formation of channels by botryoidal cells seems to be related with defensive functions rather than with physiological body vascularization.
Cephalopods bear the most complex hemal system of all the invertebrates, a fact closely related with the large sizes attained by these animals, the largest ones among the invertebrates. The welldeveloped musculature of the cephalopods is supplied by a network of vessels of different calibers, but always with the same typical architecture of the invertebrates, myoepithelial cells with luminal basement membranes. Circulating cells are frequently adhered to these basement membranes. Their abundance in some vessels has lead to some authors to call them "endothelial cells", but as 
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A we have state above, the lack of epithelial features advises against the use of this term. Recently, the expression of a VEGFR ortholog in developing blood vessels of the squid Idiosepius paradoxus has been described (Yoshida et al., 2010) . VEGFR-positive cells form sprouts and filopodia in peripheral blood vessels, suggesting invasion of tissues and organs such as the brain. Significantly, in all these instances of invertebrate "angiogenesis", growth of vascular-like or vascular structures is elicited and apparently controlled by VEGF, a main angiogenic factor of vertebrates. However, in two cases, no endothelial cells are involved, since the vascular walls are either composed of coelomic-derived (Hirudo) or epidermal-derived (Botryllus) cells. In the case of the squid, that is probably the only report existing in the literature on physiological growth of vessels derived from the mesoderm, the authors do not show if the cells forming the sprouts and filopodia are myoepithelial or "endothelial-like" (i.e. circulating) cells. Thus, unless that in this last model can be demonstrated that the expression of the VEGFR and the invasive behaviour occurs in circulating cells (evolutionarily related to the vertebrate endothelium) and not in myoepithelial cells, the described processes of vascular growth in invertebrates would not be comparable, at the cellular level, with the vertebrate angiogenesis, since different cellular elements would be involved in both cases. Thus, we will compare the processes of vascular growth at the molecular level searching for a "deep homology" (in the sense of Shubin et al. 2009 ) underlying the cellular level and shared by all the processes of vascular growth in metazoans.
Angiogenic signalling mechanisms in invertebrates
Claims on the similarity between invertebrate and vertebrate angiogenesis lie on the sharing of signaling mechanisms, basically the involvement of VEGF and its receptor VEGFR. The family of endothelial growth factors in mammals is composed of VEGF-A, which is the physiologically most relevant factor, VEGF-B, VEGF-C, VEGF-D, and the placental growth factor (PlGF) (Ferrara et al. 2003) . Their biological effects are mainly performed by binding to the VEGFR2 receptor which is predominantly expressed by endothelial cells. VEGF-A also binds other receptors such as VEGFR1 and VEGFR3 (Breen, 2007) . This variety of VEGFs and VEGFRs exhibited by vertebrates is most probably related with the double round of duplication of the whole vertebrate genome (Kasahara, 2007) , but in invertebrates, and except for instances of specific gene duplication, such as the Drosophila PVF1-3 genes, we should expect single VEGFR and VEGF genes that would be orthologous to the vertebrate ones evolutionarily derived from them.
As stated above, VEGF stimulates the formation of the vascular channels in the leech Hirudo, its receptor is expressed in growing vessels of the squid Idiosepius and the requirement of the receptor VEGFR and its ligand VEGF in the sprouting of the epidermal-derived, extracorporeal vessels of Botryllus has been clearly substantiated (Tiozzo et al., 2008) . This would suggest that a "deep homology" accounts for a common molecular regulation of the processes of vascular growth in all the metazoans bearing circulatory systems. However the VEGF/VEGFR system cannot be considered as specifically related to the circulatory system. These molecules are involved in multiple processes of cellular signaling, in most cases related with directional migration. For example, VEGF/VEGFR regulate growth of the endodermal gastrovascular channels in the jellyfish Podocoryne carnea (Seipel et al., 2004) . The same system regulates migration and differentiation of the skeletogenic primary mesenchymal cells of the sea urchin (Duloquin et al., 2007) . VER1-4, the tyrosine-kinase receptors of PVF-1 (a probable ortholog of VEGF/ PDGF) in Caenorhabditis, are expressed in neural cells (Popovici et al., 2002) . The high degree of conservation of these molecules allows PVF-1 to activate the human VEGF receptor 1 and 2, and to be angiogenic in two models of vertebrates (Tarsitano et al., 2006) . PVR, a probable VEGFR/PDGFR ortholog, is expressed in Drosophila hemocytes, that migrate in response to VEGF signals, but also in follicular border cells, that are guided by these signals towards the oocyte (Duchek et al., 2001) and in salivary glands, whose position is regulated by this system (Harris et al., 2007) . Even in vertebrates, VEGF/VEGFR is not an endothelial-restricted signaling system, since VEGF is involved in glial, neural and neural crest cell migration (Wittko et al., 2009; Kranich et al., 2009; Mani et al., 2010; MacLennan et al., 2010 ; for a review see Senger, 2010) .
Another important issue is the regulation of the VEGF expression. In vertebrate angiogenesis it is well known that the main activator of the expression of VEGF-A is tissue hypoxia, through stabilization of the hypoxia-inducible factor α (HIFα) that is rapidly degraded in normal conditions of oxygenation but it is stabilized in hypoxic conditions, translocating to the nucleus, binding some cofactors and transactivating expression of the VEGF-A gene among others. However, it is doubtful that regulation of the VEGF gene in invertebrates occurs by a similar mechanisms. Just to quote two examples, the Drosophila VEGF/PDGF genes, called PVF1-3, are broadly expressed in many tissues, inducing in this way the migration of blood cells throughout the body. In Botryllus, where VEGF and VEGFR seem to be expressed in the growing extracorporal vessels (Gasparini et al., 2007 (Gasparini et al., , 2008 , it seems highly unlikely that hypoxia exists in the surface of the colony, very close to the oxygenated seawater that surrounds the tunica. Furthermore, the overlapping expression pattern of VEGF and VEGFR in this species is different to the usual expression patterns of these proteins that normally do not coincide. However, it is surprising the high similarity between the regulation of the VEGF-A and the FGF genes in vertebrate angiogenesis and in development of the tracheal system in Drosophila, respectively. We will discuss this similarity below.
Other signalling systems closely related with vertebrate angiogenesis have not been identified in invertebrate vascular growth, emphasizing in this way the differences between these processes also at the molecular level. For example, angiopoietins regulate vascular stability in vertebrates. This family includes four proteins (Angiopoietin-1-4), that are ligands of two tyrosine kinase receptors (Tie1 and Tie2). Ang-1 activates Tie2 signalling promoting vessel assembly and stabilization by facilitating recruitment and high association with mural cells and mediating survival signals for endothelial cells (Thomas and Augustin, 2009) . Ang-1 is expressed and secreted by perivascular cells (Sundberg et al. 2002) . On the contrary, Ang-2, produced by endothelial cells, is only expressed in areas of vascular remodelling and inhibits the Ang-1 mediated Tie2 activation. The endothelium is maintained in a quiescent state by Ang-1, but localised expression of Ang-2 allows vascular remodelling and makes endothelial cells accessible to the VEGF angiogenic stimulus (Jones et al., 2001) . In the absence of the mitogenic and survival signals from VEGF, however, endothelial cells are more likely to undergo apoptosis, leading to vessel regression (Plank et al., 2004) .
There are virtually no data in the literature about angiopoietins and Tie receptors in invertebrates. Proteins with sequence similarity to angiopoietins have been reported by Dormer and Beck (2005) in Caenorhabditis, Drosophila and Anopheles through in silico search, but their orthology with the vertebrate angiopoietins is unclear. Putative Tie orthologs have been described in the sea urchin (Bradham et al., 2006) , Ciona (Shiu and Li, 2004) and Branchiostoma (D' Aniello et al., 2008) , but their functions or site of expression remain unknown. These sequences significantly cluster with vertebrate Tie sequences in a molecular phylogeny analysis (Chicón, 2008) .
Does angiogenesis exist in invertebrates?
We think that profound differences exist between the processes of vascular growth in vertebrates and invertebrates. From the cellular point of view, the existence in the vertebrate vessels of an endothelium, an unique cell layer in the metazoan circulatory system, confers exclusive features to the angiogenic process, performed along all their stages by the endothelial cells. In invertebrates there are few data about the vascular growth at the cellular level, although the prominence of myoepithelial cells forming the walls of the small caliber vessels suggests that these cells are responsible of the invasion of avascular tissues. The precise mechanism remains unknown, but we can speculate about the possibility of the formation of new hemal spaces between multilayered myoepithelial cells. Two mechanisms can be envisaged for this process, since both have already been described in invertebrates in relation to the opening of vascular spaces. First, the degradation of basal extracellular matrix between two epithelial sheets by macrophage-like cells allows for the expansion of hemal spaces in amphioxus, as described by Kucera et al. (2009) . On the other hand, the opening of a lumen between the cardiac tube cells of Drosophila occurs by localized inhibition of cell adhesion mediated by Slit and Robo, two main mediators of cell repulsion (Santiago-Martinez et al., 2008; Medioni et al., 2008) . It is important to remark that myoepithelial vessel growth by these mechanisms would involve no degradation of the vascular basement membranes, contrarily to what happens in vertebrate angiogenesis. This difference had been already noted by Gasparini et al., 2007) in their report on the growth of the ectodermal vessels of Botryllus.
From the molecular point of view it is clear that the VEGF/ VEGFR system seem to be involved in vascular growth of both, vertebrates and invertebrates. However, it is also true that this signaling system is involved in many processes of directed migration, and their regulation is probably different in vertebrate angiogenesis and invertebrate vascular growth. Thus, the VEGF/VEGFR axis cannot be considered as a hallmark of the vascular growth in the metazoans. For these reasons, and considering that a restriction of the term "angiogenesis" only to vertebrates could be unjustified, we suggest to call "endothelial angiogenesis" to the vertebrate angiogenic process when it should be compared with the invertebrate process of vascular growth, while "non-endothelial angiogenesis" or, if further findings supports this, "myoepithelial angiogenesis" could be the most suitable term for the process of vascular growth in invertebrates.
Endothelial angiogenesis -an evolutionary perpsective
Endothelial angiogenesis is a process of vascular growth exclusive of vertebrates because its main agent, the endothelium, constitutes an evolutionary innovation of this taxon. Endothelial cells use VEGF as the main angiogenic signal, the same factor involved in blood cell migration by some invertebrates, such as Drosophila. This is not surprising when we consider the evolutionary origin of the endothelium from ancestral blood cells. In fact, as we have stated elsewhere (Muñoz-Chápuli et al., 2005) , we could regard endothelial angiogenesis as a transient reacquisition of the ancestral, motile, invasive phenotype of some blood cells by the normally quiescent endothelial cells. The advantages of endothelial angiogenesis for vertebrate evolution are outstanding. Thanks to the endothelial lining, immune cells are recruited to sites of infection. The interplay of endothelial and perivascular cells allows for a fine control of blood flow. And importantly, the highly efficient mechanism of vascular growth mediated by endothelial cells led to vertebrates not only to attain the largest sizes of the Animal Kingdom, but also to greatly expand their somatic compartments (head, trunk muscle, limbs and tail).
Tubular growth and branching morphogenesis are processes involved in the formation of multiple tissues and organs. Despite superficial similarities between these processes, different molecular mechanisms can be used for the same purposes in different organs and taxa. When we consider the whole process of endothelial angiogenesis, it is surprising the number of common molecular pathways shared with the formation of the tracheal system in insects (Horowitz and Simons, 2008) (Fig. 3) . In both cases the initial stimulus is hypoxia, sensed by prolyl hydroxylases (fatiga in Drosophila and the HIF prolyl hydroxylases PHD1-3 in vertebrates) that hydroxyle the hypoxia-inducible factors (HIF), stabilizing them and avoiding their degradation. The main difference between both pathways is that sima (the HIF homologue from Drosophila) activates branchless expression (an FGF homologue), while the vertebrate HIF1α activates VEGF-A expression. Both growth factors bind to their tyrosine kinase receptors (breathless in Drosophila, VEGFR2 in vertebrates) on the leading cells of the sprouts, called the "tip" cells, that are developing filopodia towards the stimulus. Later, the pathways become again similar in both models. Signals derived from the tyrosine kinase receptors activate a number of transduction pathways (eg. MAPK) and induce the expressíon of Notch ligands (Delta in Drosophila, Dll4 in vertebrates) in the tip cells. These ligands activate Notch signalling in the neighbouring cells (called the "stalk cells") leading to the repression of breathless or VEGFR2, and thus to a decreased responsivity to the tracheogenic/angiogenic stimuli. This mechanism regulates the process at a single cell level.
The similarity between both mechanisms is so appealing that suggests that an evolutionarily conserved network of gene regulation related with the response to hypoxia (probably a "kernel" in the sense given to this expression by Hinman and Davidson, 2007) was recruited by the early endothelial cells of vertebrates to regulate vascular growth in response to hypoxia. The only innovation was the substitution of branchless/breathless by VEGF-A/VEGFR2, not surprisingly given the use of this signaling system by invertebrate hemocytes, evolutionary ancestors of the endothelial cells. It is unknown if this "kernel" is functional in any model of invertebrate vascular growth, despite the use of VEGF signals by them. Further refining of the control of the endothelial angiogenesis was probably achieved by a second regulatory layer mediated by the signaling system angiopoietins/Tie receptors and related with the interplay exclusively established in vertebrates between endothelial and perivascular cells.
Concluding remarks -issues for the future
From the preceding data we can conclude that there is much work to do in the field of the invertebrate vascular growth, especially when we avoid an oversimplification of the cellular and molecular mechanisms involved in this process. We still do not know the origin and nature of the cellular agents of the invertebrate vascular growth. We ignore the role played by hypoxia in the vascularization of the tissues of invertebrates. We do not know how the VEGF/ VEGFR expression that appears associated with invertebrate vascular growth is regulated, what transduction pathways are activated when VEGF binds to VEGFR, what role (if any) is played by angiopoietins and Tie receptors, and if Notch is controling the process of vascular growth of invertebrates at the single cell scale as occurs during the endothelial angiogenesis of the vertebrates and the tracheal development of the insects. We do not know what are the cues guiding vascular growth in invertebrates, and if there is a neurovascular link involving semaphorins, slit, netrins and their receptors, as it has been described in vertebrates (Larrivée et al., 2009) .
We have the feeling that future research on these issues will lead to findings that will emphasize more the differences than the similarities between the processes of invertebrate vascular growth and endothelial angiogenesis. In this case, we will need to be very cautious about the possibilities of using invertebrates animals as models for the study of endothelial angiogenesis.
